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SUMMARY 

Two supercr i  t i c a l  laminar- f low-contro l  a i r f o i l s  were designed f o r  a 

1 arge-chord swept-wing experiment i n  the  Langley 8-Foot Transonic Pressure 

Tunnel where suc t i on  was prov ided through most o f  the model surface f o r  

boundary-layer c o n t r o l .  The f i r s t  a i r f o i l  was der ived from an e x i s t i n g  f u l l -  

chord laminar  a i r f o i l  by extending the t r a i l i n g  edge and making changes i n  the 

two lower-surface concave regions. The second a i r f o i l  d i f f e r e d  from the f i r s t  

one i n  t h a t  i t  was designed f o r  t e s t i n g  w i thou t  suc t i on  i n  the forward concave 

reg ion  o f  the lower surface. 

one from which i t  was der ived as we l l  as between the f i r s t  and second a i r f o i l s  

Di f ferences between the f i r s t  a i r f o i l  and the 

are discussed. A i r f o i l  coord inates and p red ic ted  pressure d i s t r i b u t i o n s  f o r  

t he  design normal Mach number o f  0.755 and sec t i on  l i f t  c o e f f i c i e n t  o f  0.55 

are given f o r  t he  th ree  a i r f o i l s .  

INTRODUCTION 

A s u p e r c r i t i c a l  laminar- f low-contro l  (LFC) a i r f o i l  experiment has been 

conducted i n  the Langley 8-Foot Transonic Pressure Tunnel ( r e f .  1). 

large-chord a i r f o i l  t e s t  i nvo l ved  a contoured wind-tunnel l i n e r  ( r e f .  2 )  t o  

s imu la te  unbounded f l ow  about an i n f i n i t e - s p a n  wing w i t h  23" sweep. Refer- 

ences 3 and 4 descr ibe s u p e r c r i t i c a l  LFC a i r f o i l s  f o r  swept wings which 

r e q u i r e  suc t i on  through the surface t o  ma in ta in  a laminar boundary l a y e r .  

a i r f o i l  i n  reference 3, re fe r red  t o  as a i r f o i l  A i n  reference 5, was an e a r l y  

candidate f o r  t he  experiment. 

which i s  r e f e r r e d  t o  as a i r f o i l  B i n  reference 5; some advantages o f  a i r f o i l  B 

Th is  

The 

A l a t e r  candidate was a i r f o i l  989C ( r e f .  4; 
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over a i r f o i l  A are lower suction requirements for  full-chord laminar flow, a 

higher design Mach number, and a shorter pressure recovery to the t ra i l ing  

edge. Airfoils C and D were derived from a i r f o i l  B fo l lowing  the ideas of 

W .  Pfenn nger and P .  J . Bobbi tt of Langley Research Center. Airfoil B was 

modified a t  the t r a i l i n g  edge and i n  the lower-surface concave regions t o  

derive a rfoils C and D for the experiment. 

the same predicted off-design shock-formation characterist ics as a i r f o i l  B 

(see ref .  51, and l i f t  behavior w i t h  suction fai lure  similar to  that of 

a i r f o i l  A (see ref.  3 ) .  Suction distributions are given fo r  a i r fo i l  C i n  

references 1 and 6 .  Ai r fo i l  D differed from a i r f o i l  C only i n  the forward 20 

percent o f  the lower surface where the concave region was redesigned f o r  

tes t ing w i t h  no suction. The purpose of this paper is  t o  compare the 

geometries and predicted design pressure distributions for  a i  rfoi  1 s 6 ,  C ,  and 

D and to document the i r  coordinates. 

Airfoils C and D have essentially 

AIRFOIL ANALYSIS 

Airfoils B ,  C ,  and D are shown i n  figure 1 and their  design pressure 

distributions are compared i n  figures 2 and 3 .  Al l  pressure d i s t r i b u t i o n s  

were predicted for the two-dimensional Mach number of 0.755 and l i f t  coeffi- 

c ient  of 0.55 ( the design condition f o r  the experiment, ref. 1 ) .  The two- 

dimensional design Reynolds number was 16.9 million (20 million streamwise) 

based on chord. 

-0.64' and for a i r f o i l s  C and D ,  i t  was 0.51". T h i s  1.15" difference was due 

primarily t o  a 1.19" counter-clockwise rotation about the sharp t r a i l i n g  edge 

of a i r fo i l  B for alignment of the leading edge w i t h  the x ax is  before any 

a i r f o i l  modifications were made. The pressure d i s t r i b u t i o n s  were predicted by 

a version of the Garabedian transonic analysis code ( r e f .  71, which allows a 

turbulent boundary layer t o  be s tar ted a t  different locations on the upper and 

The angle of attack a t  the design condition f o r  a i r fo i l  B was 
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lower  surfaces. For  a i r f o i l  B, the pressure d i s t r i b u t i o n  was p r e d i c t e d  w i t h  

no boundary l a y e r  ( f i g .  21, assuming t h a t  the laminar boundary l a y e r  would be 

kep t  t h i n  over the e n t i r e  surface by use of suct ion.  S i m i l a r l y ,  the p r e d i c t e d  

pressure d i s t r i b u t i o n  f o r  a i r f o i l  C assumed a t u r b u l e n t  boundary l a y e r  on ly  

from x/c = 0.96 t o  the t r a i l  i n g  edge on the upper surface and only  from x/c = 

0.84 t o  the t r a i l i n g  edge on the lower surface where the model d i d  n o t  have 

suc t i on  through the surface. For  a i r f o i l  D, the t u r b u l e n t  boundary l a y e r  was 

again s t a r t e d  a t  x/c = 0.96 on the upper surface, bu t  it was s t a r t e d  a t  x/c = 

0.19 on the lower sur face where t r a n s i t i o n  was predic ted,  as w i l l  be discussed 

l a t e r .  

used t o  overcome the decarnbering e f f e c t  o f  the lower-surface boundary l a y e r  

f o r  a i r f o i l  D and ma in ta in  the design l i f t  c o e f f i c i e n t  ( f i g .  3) .  

The two concave reg ions on the lower surface of a i r f o i l  C had corners 

A 0.22” d e f l e c t i o n  o f  the 10.89-percent-chord t r a i l  ing-edge f l a p  was 

( a b r u p t  changes i n  f l o w  d i r e c t i o n )  which w i l l  be described l a t e r .  

corners produced spikes i n  the pressure d i s t r i b u t i o n  when the boundary 1 ayer 

was laminar.  

method i n  which g r i d  p o i n t s  could be very c l o s e l y  spaced i n  the regions o f  t he  

corners. 

t h e i r  shape cou ld  be c a l c u l a t e d  by an incompressible analys is .  

method o f  Eppler,  e t  a1 . ( r e f .  8)  was used f o r  t h i s  purpose w i t h  no boundary 

l a y e r  included. 

corners t o  g i v e  r e s o l u t i o n  no t  poss ib le  i n  the Garabedian code. 

the incompressible pressure c o e f f i c i e n t  data had t o  be adjusted t o  account f o r  

t h e  increase from the incompressible t o  the compressible pressure c o e f f i c i e n t  

a t  t he  s tagnat ion p o i n t .  

s h i f t e d  by t h i s  amount t o  blend w i t h  the Garabedian-code r e s u l t s  f o r  a i r f o i l  C. 

These 

Analys is  o f  these pressure spikes requ i red  a computational 

Since the spikes occurred i n  low-speed regions o f  the f l o w  f i e l d ,  

The panel 

Small panels were s l e c t e d  i n  the regions o f  the concave 

O f  course, 

The Eppler-code r e s u l t s  f o r  the concave regions were 
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AIRFOIL COORDINATES 

Nondimensional coord inates normal t o  the wing lead ing  edge are given f o r  

a i r f o i l s  B, C, and D i n  tab les  I, 11, and 111, respec t ive ly .  A i r f o i l s  C and D 

were der ived  through a se r ies  o f  mod i f i ca t i ons  t o  a i r f o i l  B ( a  f u l l - c h o r d -  

laminar  a i r f o i l  designed by Pfenninger e t  a l . ,  r e f .  4 ) .  The mod i f i ca t i ons  

i nvo l ved  extending the  t r a i l i n g  edge and r e f a i r i n g  the rea r  o f  the upper 

surface, rede f in ing  the concave reg ions on the lower surface, and smoothing 

the  coord inates.  

The t r a i l i n g  edge o f  a i r f o i l  B was extended by one percent o f  chord t o  

reduce the  h igh  upper-surface pressure grad ien t  ( f i g .  2 )  and lessen the  

chances o f  boundary-layer separat ion on the model and on the tunnel  wa l ls .  

The coord inates were then d i v i d e d  by the new chord l eng th  t o  resca le  them. 

The t r a i l i n g  edge was th ickened s l i g h t l y  t o  g ive the model a base th ickness o f  

0.02 inches. The rea r  o f  the upper sur face was f a i r e d  i n  such a way t h a t  t he  

s l i g h t  concavi ty  on a i r f o i l  B was e l im ina ted  f o r  a i r f o i l  C. 

There were two concave reg ions on the lower sur face o f  a i r f o i l  B, as 

shown i n  f i g u r e  1. For  a i  r f o i  1 C, each concave reg ion  was redef ined as a 

se r ies  o f  corners (ab rup t  changes i n  s lope) ,  each rounded by an exponent ia l  

f u n c t i o n  j o i n e d  t o  two s t r a i g h t  l i n e s .  Table I V  g ives  the x/c l o c a t i o n ,  

t u r n i n g  angle, chordwise ex ten t  o f  rounding, and whether o r  n o t  suc t i on  was 

requ i red  f o r  each corner.  

o f  Tay lo r -Gar t l e r  v o r t i c e s  by min imiz ing  the ex ten t  o f  each concave region, as 

discussed i n  re ference 4 .  There were two concave corners i n  the f r o n t  reg ion 

and two i n  the  r e a r  reg ion  where boundary-layer suc t i on  was prov ided i n  the  

model t o  prevent laminar  separat ion.  

by a s l i g h t l y  convex t u r n  ( s l i g h t l y  negat ive t u r n i n g  angle, see Table I V ) .  

There were f o u r  a d d i t i o n a l  concave corners i n  the r e a r  reg ion  where no suc t ion  

These corners were de f ined t o  minimize the  growth 

The two i n  the r e a r  were each fo l lowed 
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was provided. 

concave corners f o r  a i r f o i l  C ( f i g .  21, b u t  no t  f o r  the l a s t  f o u r  concave 

corners because, as mentioned e a r l  i e r ,  a t u r b u l e n t  boundary 1 ayer was assumed 

f o r  the c a l c u l a t i o n  i n  the reg ion behind x/c = 0.84. 

Spikes occurred i n  the pressure d i s t r i b u t i o n  f o r  the f i r s t  f o u r  

A i r f o i l  D ( f i g .  1) d i f f e r e d  from a i r f o i l  C i n  the lower forward concave 

r e g i o n  between the l ead ing  edge and x/c = 0.20 and was designed f o r  no suct ion 

i n  t h a t  region. The concavi ty  the re  was l e s s  pronounced than t h a t  f o r  a i r f o i l  

C and had no abrupt corners because corners w i thou t  suc t i on  could r e s u l t  i n  

laminar  separat ion.  

i n  f i g u r e  3 .  

steep pressure g rad ien t  between x/c = 0.15 and x/c = 0.20 on the lower sur face 

t o  minimize the c ross f l ow  d is turbance growth. 

depends on both the steepness and the chordwise ex ten t  o f  the pressure 

g r a d i e n t  and can be minimized by min imiz ing the distance over which the 

pressure changes. 

extended over a l a r g e r  d is tance from x/c = 0.12 t o  x/c = 0.22, which made 

t r a n s i t i o n  due t o  crossf low i n s t a b i l i t y  more l i k e l y .  Th i s  was caused by the 

concave reg ion  being f i l l e d  i n  t o  some ex ten t  t o  decrease the Tay lo r -Gor t l e r  

d is turbance growth by decreasing the curvature.  To check f o r  t r a n s i t i o n  due 

t o  c ross f l ow  i n s t a b i l i t y ,  laminar boundary l a y e r  and crossf low s t a b i l i t y  

analyses ( r e f .  6) were performed us ing the CEBECI and MARIA computer codes 

w i t h  no s u c t i o n  f o r  the lower surface o f  a i r f o i l  D. 

a t  x/c = 0.19 based on a maximum l o g a r i t h m i c  a m p l i f i c a t i o n  r a t i o  o f  

f o r  t he  design cond i t i on .  

Pressure d i s t r i b u t i o n s  f o r  a i r f o i l s  C and D are compared 

Note t h a t  the pressure d i s t r i b u t i o n  f o r  a i r f o i l  C had a very 

Crossflow vor tex amp1 i f i c a t i o n  

The steep pressure g rad ien t  i n  the same reg ion  o f  a i r f o i l  D 

T r a n s i t i o n  was p r e d i c t e d  

nmax = 9 

Coordinates were smoothed t o  s i x -p lace  accuracy f o r  a i r f o i l s  C and D t o  

avo id  e r r o r s  i n  curve f i t s  used i n  con junc t i on  w i t h  the n u m e r i c a l l y - c o n t r o l l e d  

m i l l i n g  machine. S ix-p lace accuracy was e s p e c i a l l y  impor tant  f o r  coord inate 
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p o i n t s  which were c l o s e l y  spaced t o  adequately define the concave corners and 

the  sharp l ead ing  edge. Since t.he d e t a i l s  o f  the shape were impor tant ,  

smoothing procedures, which would ad jus t  coord inates over a l a r g e  region, were 

n o t  used. The smoothing was accomplished by ad jus t i ng  small groups o f  coord i -  

nate p o i n t s  and r e q u i r i n g  g r e a t l y  magni f ied s lope p l o t s  t o  be reasonably 

smooth. P l o t s  o f  W/AX versus x/c were used over most o f  the a i r f o i l  w i t h  

p l o t s  o f  AX/U versus y / c  being used around the lead ing  edge. Simple two- 

p o i n t  slopes (centered between coord inate p o i n t s )  were used s ince they were 

more s e n s i t i v e  t o  coord ina te  ad j  iistments than three-poi  n t  slopes. 

CONCLUDING REMARKS 

Coordinates have been given f o r  the two a i r f o i l s  ( C  and 0) t es ted  i n  t h e  

NASA supercr i  t i c a l  laminar - f low-cont ro l  swept-wing experiment as w e l l  as f o r  

a i r f o i l  B from which a i r f o i l  C was der ived.  The changes made t o  a i r f o i l  B t o  

de r i ve  a i r f o i l  C have been discussed. The d i f f e r e n c e  between a i r f o i l s  C and D 

t o  a l l ow  t e s t i n g  w i t h  no suc t ion  i n  the lower  forward reg ion  has been 

described. P red ic ted  pressure d i s t r i b u t i o n s  a t  the  design c o n d i t i o n  o f  the 

experiment have been shown f o r  a l l  t h ree  a i r f o i l s .  
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o O O 5 6 1 0  
0005766 
0005813 
0005745 
e005515 
o O O 5 0 9 2  
0004514 
a 0 0 3 7 8 5  
0002946 
0002112 
,001367 
oOOO771 
o O O C 3 4 2  
o O O O O 8 6  
00 
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0,000000 
-.000956 
-e001824 
-e002590 
- 0  00 3 2 5  9 
- a 0 0 3 8 4 8  
-0004 375 
- . 0 0 4 @ 6 8  
-0005328 
- 0  00 5755 
-,006lbl 
- 0  006569 
- 0  006 98 E 
-0007417  
-0007857 
- 0 0 0 8  306 
-000 8760  
- 0  009 2 2 3  
-0009673 
-a009789  
-,010021 
- e 0 1 0 4 8 4  
-0010948 
- e  01 1411 
-OD11874 
-*Dl233 8 
-; 01 2 8 0 1  
- 0 0 1 3 2 6 4  
-.01372 8 

=-a14191 
-%i 0 I 4 65 4 
0-0 D 13 'I 1 B 
-TO 1 5  5 B 1 
-0 i o 1 6  04 3 
- io16508 
-e016971 

-r01758 - 8-- 
- 0 1 7 6 6 9.- 
- *018170 
- 0  01 8 3 8 4  

-0; 61 72  96 

TABLE 11.- AIRFOIL C COORDINATES 

upper surface 

x/c 

0 , 000000 
e000126 
0 0 0 0 3 8 9  
e 0 0 0 7 9 F  
,001349 
,002052 
,002~10 
,003922 
o O O 5 0 8 8  
, 006406  

00954 Q 
,011397 
,013434 
e 0 1 5 6 5 1  
o018033 
,020650 
0023433 
,026399 
,029546 

, 0 0 7 8 a 8  

,032813 
e036384 
,040071 
,043934 
e047966 
,052169 
,056541 
e061081 
e065787 
e 0 7 0 6 5 6  
,075686 
e080875 
,086223 
,091725 
,097378 
,103182 
e 1 0 9 1 3 6  
, 1 1 7 2 3 5  
,121473 
,127851 
, 1 3 4 3 7 1  

~ ~~ 

6.000006 
e001024  
,002089 
,003181 
, 0 6 4 2 8 9  
00 5 406 

,006526 
e 0 0 7 6 4 6  
, 00 8 75 7 
e009849 
e010911 
,011946 
,012964 
,013967 
e 0 1 4 9 5 0  
,615916 
,016867 
e 0 1 7 8 1 0  
,018749 
,019678 
, 0 2 0 5 9 6  
,021511 
e022420 
,023324 
,024221 
,025110 
, 025989  
e026859 
,027723 
,028'577 
,029623 
e030257 
,031082 
,031897 
,032701 
eo33494 
e034277 
,035050 
e 0 3 5 8 1 0  
, 0 3 6 5 5 1  
, 0 3 7 2 9 2  

~ ~~ 

1 ower surf ace 

x/c 

0.600000 
oOOOO19 
,600201 

0005 7 4 
e001 170 
.002015 
,003121 
eC04484 
oOO6098 
,007967 
r010103 
oO13503 
o C 1 5 1 5 7  
r 0 1 8 0 5 8  
o0212GR 
,024596 
o O 2 8 2 1 2  
,032059 
,035891 
e O 3 6 P 6 1  
.03~e61 
,042622 
,046782 

070743  
.C54703 
,05@663 
, 062624  
, 0 6 6 5 6 1  
e070545 

Y O 7  4 5 0 5 
- e378465 

UP 2 42 6 
-0 0$6 3 8 6 -  

-;'09c347 
- ;a94307 
, ooe, 267 

- -0 160996- 
e103465  
, 1 0 3 4 4 6 '  
, 1 0 6 9 ~  
~ o a 4 1 6  

Y 
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TABLE I1 .- CONTINUED 

upper surface 

X I C  

0161029 
e147817 
0 154734 
0161778 
0160950 
0176244 

0191183 
0 I. 9 e e 7 3 

206372 
0214430 
e 222392 

2 304 5 5  
0238617 
e246871 
0255218 

263652 
0272172 

280774 

0298206 
a307031 
0315924 

324881 
0333900 

342975 
0352105 
0361284 
e370509 

379778 
e389006 
o39@431 
0407807 
0417210 
0426639 
o 4 3 6 0 P 9  

. l a 3 6 5 6  

.2e9453 

0038014 
-038723 
e039418 
o O 4 0 1 0 0  
e040768 
004 1423 
o042061 
0042684 
0043292 
0043884 
e044439 
e045019 
0045561 
o O 4 6 G 8 8  
0046599 
0047093 
oO47570 
e 0 4 8 0 3 0  
0648470 
0048892 
0049295 
0049679 
e050045 
,050391  ' 
o030719 
0051028 
e051318 
oO51588 
0051839 
0052069 
0052279 
0052469 
005 263 9 

0052917 
0053025 

. 0 5 2 7 ~ e  

0 4 4 5 5 5 7  ' o053111 
. 4 5 5 0 4 0  1 0 0 5 3 1 7 5  
0 4 6 4 5 3 2  0053218 
0474029 I 0053239 
0 4 8 3 3 2 9  ,053238 

I 

lower surface 

0110396 
. 113  366-  
0117327 
0121782 
0127835 
0135118 
e l40594  
0144554 
0147525 

150000 
0151980 
0 1 5 3 4 6 5  
0 154956 
0156436 
0 1 5 0 4 1 6  

160891 
o lb4067 
0167228 
.170464 
0176424 
. l e 2 1 6 2  
. i a 7 e e 9  
,193737 
e 199755 
0205949 

212309 
0218818 
- 2 2 5 4 6 0  
0 232232 
0239130 
0246151 
o 2 5 3 2 8 2  
0260515 
. 2 6 7 8 5 3  

.282831 

.208158 

. 3 0 5 9 5 0  

-321752 

275295 

0290451 

0313017 

- 0  01925 0 
- o 0 2 0 3 1 S  
-0021743 
-0023 3 5 0  
-0025535 
- e 0 2 6 1 6 2  
-0036138 
-0031566 
-0032639 
-0033538 
-0034290  
-0034930 
- . 0 3 m e  
-e436474 
-0037584 
-0036982 
-0040777 
-0042563 
-0044392 
-,047725 

- ,053088 
we050623 

-0055206 
-o057071 
-,058755 
-0060304 
- 0 0 6 1 7 4 3  
-*063084 
- e 0 6 4 3 3 4  -. 065502 
- 0 0 6 6 5 9 8  
-0067625 
-0068583 
-0069479 
- 0  07031 R 
-0071101 
- 0  071  830 
- e 0 7 2 5 0 3  
-0073124 -. 073 69  3 
- 0  074 210 



~~ ~ 

TABL.E I1 .- CONTINUED 

upper surface 

0 3 2 1 4 9 0  ' o0.53015 
0 3 3 0 9 4 8  -o2)52903 
0 5 4 0 3 8 7  0052769  

7 5  49 BO 3--. 0 5 2 b 1 3 
3 93 9 4 - -0 5 2 43 3 

--.3 68 S 5 3 '--XI 92 2 3 3 
-- a778 R o ---am 012 
-.-3anm---;33176 
---a596413 - 0051498 

0 6 0 5 6 1 $  ' e031207 

0623876 ' 0050553 
- , 6 1 4 7 7 2  .0508o2 

--o 6 3 2 9 Z e  
0 6 4 1 9 1 6 ;  ,049866 

6 50 19 1- 

o 6 5 0 8 3 T  0 0 4 9 3 9 5 -  
.65969a : .048966 

- 0 ~ 6 e 4 9 r + - 0 0 4 e 5 0 i  
0677212 o048018 
o b 8 5 8 5 8  * 

0 6 9 4 4 2 7  
o702914 
0711315 
0 7 I 9 6 2 6 -  
0 7 2 7 8 4 4  

, 7 4 3 9 4 4  
0 7 5 1 9 3 1  

7 5 9 7 6 1  
0 7 6 7 4 8 7  
0775103 
0782607 
0789998 
e797275 
0 8 0 4 4 4 2  
0011497 
o 8 1 P 4 4 2  
0825269  
0831976 

.73396e 

e O 4 ' 7 5 1 1  
0 4 (5 97 9 
0 4 B 4 2 4 

0 0 4!j 8 4 2 
04 !i 2 3 3 
0 4 4 5 9 5 

0043930 
. O ~ Y Z ~ O  
0 0 4 2 5 1 9  
oO41771 
0040996 
0040192 
0 0 3 9 3 5 8  
0038493 
0037591 
,036651 
0035676 
0 0 3 4 6 6 5  
00331620 
0032537 

lower surface 

329758 
, 3 3 7 8 3 5  
* 3 4 5 9 7 1  
0 3 5 4 1 6 4  
,362413 
0370714 

3 7 9 0 6 1  
0387448 
0395874 
0404340  
e412837 
0421361 
0429910 
0 4 3 6 4 8 2  
0447071  

455672  
0 4 6 4 2 6 3  
0472903 
0481326 
0490147 
0498762 
o507372 

515971  
0 5 2 4 5 5 2  
0 5 3 3 1 1 5  
0541656 
o 5 3 0 1 7 4  
35 665 8 
o367107 
0575514 
0 5 8 3 6 7 3  

- 0 0 7 4 6 7 7  
- 0 0 7 5 0 9 6  
- 0  075465  
-0075786  
-o076060  
- 0  076 2 8 6  
-0076404  
- 0 0 7 6 5 9 3  
-0076674  
- 0  07 6 70 7 
- 0 0 7 6 6 9 2  
-007662 8 
-007651P 
- 0  076 35 9 
-e 0761 5 1 
- 0 6 7 5 0 9 4  
- 0 0 7 5 5 6 9  
- 0 0 7 5 2 3 4  
-0074830  - 074 3 7 5' 
-0673868  
-0073310  
- 0 0 7 2 6 9 9  
- 0  07 2 03  6 
- 0 0 7 1 3 1 9  
-0070548  
-0069721 
- 0 0 6 8 8 3 9  
- 0 0 6 7 8 9 9  
- ,066a99 
- 0  06 5 8 3 6  

0 5 9 2 1 8 0  1-0064704  
060C430 1 - 0 0 6 3 4 9 7  
o B O F b 2 0  I -  -0062206 

0 6 2 4 8 1 1  t - .O59324 
0632822  057702 
. 640795  lo-b O b 0 5 5 9 4 3  

.616747 1 - . 060a20  

0 6 4 8 7 5 0  - e 0 5 4 0 4 0  

ob64701 t -"e349797 
.656709  - -.0519e8 

12 
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TABLE I1 .- CONTINUED 

13 

upper surface 

e 8 3 8 5 6 7  
845049 

, 8 5 1 4 8 5  
e856436 

861386 
e866337  
,871287 
.a7623a 
e881188 
.e86139 
e e91089 
,896040 
,900990 
,905941 
e910891 
e915042 
,920792 
e925743 
e930693 
,935646 

940594 
,945545 
,950495 
,955446 
,960396 
,965347 
a970297 
,975240 
,980198 
,985149 
,990099 

993650  
1 ,  000000 

,031469 
,03023'1 
,029011 
e028031 
rO27025 
,026004 
e024974 
,023941 

02 2 906 
a021871 
e 0 2 0 8 3 7  
.019802 
,018767 
eo17733 
,016698 
,015663 
e014630 
,013597 
e012565 
o O 1 1 5 3 5  
r010505 
,009476 
, 0 0 8 4 4 9  
e007422 
,006391 
, 0 0 5 3 7 4  
0 0 0 4 3 5 3  
0003335 
,002318 
,001303 
,000290 

- *000721 
-e001730  

1 ower surface 
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TABLE I 1  .- CONCLUDED 

upper surface 

Y 

~ 

i 
1 ower surface 

x/c 

832422 
,854115 
e855808 
e8575OX 
, e59476  

, e63366 
e061386 

866337 
,071287 
,876238 
,881188 

,889169 
6P6139 

,891089 
e 893069 
, 8 9 6 0 4 0  

, 9 0 2 9 7 0  
899010 

,907921 
0914851 
,921782 
,926733 
,930693 
e934653 
,939604 
0946535 
e953465 
.95@416 

,965347 
e962376 

,9083’17 
e970297 
0972277 
0975248 
,960198 
0985149 
,988119 
e990099 
,992079 
,99305C 

1 ,00000c 

Y /C 

0001063 
,001135 
,001207 
0001280 
,001367 
, 0 0 1 4 5 2  
e 0 0 1 5 4 2  
,001675 
,001898 
,002121 
,002344 
0002565 
,002691 
,002763 

.002 88 1 
e 0 0 2 9 3 8  
e 00 3 011 
0003101 
,003216 
0003291 

,002818 

.003289 
0003235 
0003128 
,002929 
0002371 
0002 174 
0001882 
e001647 
,001462 
e001263 
e001118 
o00095E 
e000699  
0 000240 

-0000229 
-0000521 
-0000732 
- , 0 0 0 9 6 5  

-000198k 
-,001342 



~~~~ ~~ ~~ ~~ 

T A B L E  111.- A I R F O I L  D C O O R D I N A T E S  

~ 

upper surface 

1 0000(T000- 

oOOO389 
-- 0- 0 0 d 79 5’- 

0001349 - 1  
00020f2 
00029x6- 
0003922 
0 0 5 0 8 5-- 

“o006406- 
oOQ7000 
o00954g 
(ill 397 
oO13434 
o015651  
o O 1 0 0 5 5  
oO20650 
0 0 2 3 4 3 3  
0026399 
0029546 
0632873 
o b 3 6 3 6 4  
e040071 
0043934 
0047966 
0053169 * 
o O 5 6 5 4 1  
oOb1081 
0665787 
0070656  
0075606  
oC80875 
0066223 
0091725 
097378 
,103182 
0109136 
0115235 
0121473 

-0000126- - 
r;oo(5008-- 
-0001024 
e002089 

0004289 
e005406 
0006526 
oOO7646 
0008757 
0009844 
oO10911 
0011946 
0012964 
oO13967 
oO14Q50 
0015916 
, 0 1 6 8 6 1  
*017@10 
o O 1 8 7 4 9  
oO1967fl 

*021311 
0022420 
0023324 
e 0 2 4 2 2 1  
0025110 
a 0 2 5 9 8 9  
o O 2 6 8 5 9  
0027723 
0028577 
0029423 
a 0 3 0 2 5 7  
,031082 
031897 
a032701 
0033494 
0034277 
e035050  

003ier- 

.020598 

,035810 

1 ower surface 

x/c 

0 0 0b0000 
0000019 
0000201 
oOG0574 
oOCllfO 
a002015  
oOO3121 
o0044@4 
0006098 
oOO8000 
0011000 
ob15000 
0620000 
oO23000 
oO30000 
oO35000 
oO40000 
. ~ ) 4 3 0 0 0  
350000 
o O 5 5 0 0 0  
oO60000 

-e065000 
.070000 
’.075000 
oO6OOCO 
o 3 8 5 0 0 0  
e090000 

- 03950 0 0 
- m b o d d  

---,?PmOd 
.11ooou 
.1 EXfBU 

. 1 9 O U O O  
- X 7 5 s O U  
X30000 
o13300Q 

00000c00 
-o000956 
-0001824 
-e002590 
-0003259, 
- 0  003 84 8 
- 0 0 0 4 3 7 5  
- o 0 0 4 @ 6 A  
- 0  005 3 2  8 

00 5780 _ _  
-0006376 
-0007115 
-o00QO30 
- 0  O O e  945 
-o009860 
-e010775 
-o011690 

- - o 0 1 3 5 2 0  - 
-0014435 
--e019 350 
-0616265 
-e017180 
- 0  01 8 099 
-e019030 
-0019984 
-o020980 

-;012605 

.--I 

- - i o 2 2 0 5 0  
=-,923200 
-;TO 2 4 4 4 0 
--025770 
YUZ7190 
’=a28690 - 

I 

15 



TABLE 111.- CONTINUED 

x / c  

16 

Y I C  

upper surface 

I 
0127851 
0134371 
0141029 
,147817 
0'144734 
0161779 
0168950 
01776244 
0183656 
0191183  
0 1 9 8 8 2 3  
0 2 0 6 5 7 2  
o 2 1 4 4 3 0  
0 2 2 2 3 9 2  
0230455 
0238617 
246871 

0255218 
0263652 
0272172 
0280774 
0289453 
0298206 
0307031 
0315924 
. 3 2 4 e 8 1  
0333900 
0342975 
0 3 5 1 1 0 5  
361 284 

o370509 
0379778 
0389086 
0396431 
o4078C7 
o417210 
0426639 
0436089 
0445557 

Y I C  I 

. ( I 3 6 5 5 7  
0037292 
0038014 
0038723 
0 0 3 9 4 1 8  
oO40100 
,04076@ 
0041423 
o042061 
,042684 
0043292 
oO43@84 
0 0 4 4 4 5 9  
0045019 
0 0 4 5 5 6 1  
.046088 
0046599 
oO47G93 
oO4757C 
o O 4 8 0 3 C  
0048470 
.04ee92 
04 9295 
0049679 
e 0 5 0 0 4 5  
0030391 
0050719 
o051028 
0 0 5 1 3 1 8  
o O 5 1 5 8 8  
o O 5 1 @ 3 9  
0052069 
0052279 
0052469 
0052639 

O S 2  78 8 
0052917 
0053025 
,053111 

17 0006-T 0 0 4 6 5 1 0 

0179500 1 -0050044 0175000 -0048370 

. i e 4 0 m  -005i7i4 
0188500 -0053366 

-e057071 

0218818 1 -,061743 

, 2 3 2 2 3 2  1-,064334 
,223466 -o063064 

0239130 ~ -0065502'  
,246151 - 0 0 6 6 5 9 8  
0253202 -0067625 

0267853 -0069479 
0215295 * -0070318 
0282831' -0071101 
0290451 '-o071830 

298158  , #-e072 503 
,305950 -0073124 
0313817 -0073693 
0321752 1 -,074210 
0329758 1-0074677 

,345971 1 -.075465 
0354164 1-0075786 

0260515 -0068583 

0337834 -a075096 

0362413 , -0076060 
e370714 -0076286 
0379061 -0076464 
.3a7448 1 -,076593 
0395874 1-0076674 
,404340 ' -0076707 
0412837 ' -0076692 
,421361 1 -.076028 
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TABLE 111.- CONTINUED 

upper surface 

045'5040 
e46 45 3 2 
0474029 

--o 4 R 35 2 9 
0 4 9 3 0 3 0 -  

- -e502327  
0512015 
0521490 
e530940 
0540387 

- 0359194 - 

-.377800- 
--*mn68 - 
-01596413- 
60561e 

_ _  06f477F 
0 6 2 3 0 1 6  

--o63292T- 
- -o 641914-- 
0650837 
o659690-- 
, 6 6 8 4 9 1 -  
ob77212 
0 6 8 5 8 5 0  
0 6 9 4 4 Z T -  
07029IQ 
71x315- 
0719626'- 
e 7 2 7 8 4 4  
8735968 
0 743999 - 
a751931 
0759761 
o 76748T - 
0775163 

0769998 

-_ i-3 4 9 8 03 - 
_ _  .56ew3 -- 

-- .. 

.7a260~ 

0053175 
005321e 
ob53239 

-0 0 5 3 2 3 8 
0353215 

-OD5 3 170 
-0053  104 
.. 0053015 
,052903 

- 0052769 
- "0052613 
-005243s 
-io52233 

0 05 201 2 
7 U5 176 6 
-0 OS 1 49 P 
,051 207 

-_ oO30553 
05019 f 

-0044806  
0069395 
048960 

-"e 06 8 50 1 
0048018 
0047511 
8 046979 
0046424 
, 0 4 5 8 4 2  
0045233 
0 0 4 4 5 9 5  
0043930 
0 0 4 3 2 3 8  
8042519 
0041771 
0040996 
0040192 
0 0 3 9 3 5 8  
0038493 

7 6 5 0 0 9 2  - - 

1 ower surface 

x/c 

8429910 
0438482 
0 447071 
0455672 
0 4 6 4 2 8 3  
8472903 
8481526  
0 4 9 0 1 4 7  
,498762 
0507372 
0515971 
8524552 
0533115 
0 5 4 1 6 5 6  
0550174 
0 5 5 8 6 5 8  
0567107 
8575514 
o363873 
0592180 
e600430 
0608620 
616747 

0624811 
e632822 
ob40795 
- 6 4 8 7 5 6  

Y /c 

- 8  07651 8 
-8076359 
-8076151 
-0075894 - 07 5 s e  9 
- 0 0 7 5 2 3 4  
- 0 0 7 4 8 3 0  
- 8  0 7 4  375 
-0073668 

-0072690 
-8072036 
-0071319 
-0070546 
- 0  06 9721 
- 0  068 839 
-0067e99 

-8073310 

-. 066 e99  
-0065e36 
- 0  06 4 70 4 
-0063497 
-0062206 
- 0  060820 
0.059324 
-0057702 
-0055943 
- o 0 5 4 6 4 0  

0656709 , -0051988 
e064701 i ' -0049797 
0672750 -0047489 
0680868 --e045093 
0689604  i - . 0 4 2 4 8 3  
0 6 9 8 5 1 5  1 -0039806  



TABLE 111.- CONCLUDED 

- 
upper surface 

797275 
0804442 

e l l  4 9 7  
e P l 8 4 4 2  
0825269  
0031976  

8 3 8 5 6 7  
e 8 4 5 0 4 9  

o P 5 6 4 3 6  
e061303  
e 8 6 6 3 3 7  
o R 7 1 2 P 7  
0876239 

e 8 5 1 4 8 5 '  

.ea1100 
886139 

0 @ 9 1 C 8 9  
eE96046 
e9OC990 
o 9 0 5 4 4 1  
0910891  
e 9 1 5 8 4 2  
e920792  
0 9 2 5 7 4 3  
0 9 3 0 6 9 3  
0935644 
0 9 4 0 5 9 4  
0 9 4 3 3 4 5  
e 9 5 0 4 9 5  
0 9 5 5 4 4 6  
e 9 6 0 3 9  6 
a 9 6 5 3 4 7  
0970297  
. 9 7 5 2 4 Q  
e 9 0 0 1 9 8  
0985149 
e990099  
0 9 9 5 0 5 0  

1 0 000000 

~~ 

03 7 3 9 1 
0 3 b 6 3 1 

a 0 :3 5 4 7 6 
0 0 3 4 6 6 5  
e 0 3 3 6 2 0  
0 0 3 2 5 3 7  
e 0 3 1 4 0 9  
e 0 3 0 2 3 7  
0 ;Z 9 0 1 1 
0028031 

0 2 7 0 2  3 
e 3 2 6 GO 4 
.024974 
e 02 3 9 4  1 

02 2 9 0 6  
e 0 2 1 8 7 1  
0 0 2 0 8 3 7  
0019802 
0 0 1 8 7 6 7  
eo17733 
o 0 1 6 0 9 8  
01 5 6 6 3  
0014630 
0 0 1 3 5 9 7  
0 0 1 2 5 6 5  
'e 0 1 1 5  3 5 
o O L O 5 0 5  
0009476  
0008449  
0007422  
0006397 
0 0 0 5 3 7 4  
0 0 0 4 3 5 3  
0 0 0 3 3  3 5 
0 0 0 2 3 1 8  
o O O l 3 0 3  
a 0 0 0 2 9 0  

- o O O O 7 2 1  
-o001730 

~~ ~~ 

1 ower surface 
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TABLE 1V.- LOWER SURFACE TURNS FOR AIRFOIL C 

Locat ion  
x/c 

. l o 7  

.153 

.a21 

.832 

.a43 

.a54 

.891 

.931 

.970 

.990 

7 
Turning 

Angle, deg. 

13.2 

9 . 6  

7 .6  

-0.2 

7 .O 

-0.2 

1 . 5  

4 .5  

2.0 

2.0 

Extent  
D x/c 

. O l l  

. O l O  

.007 

.013 

.007 

.013 

.010 

.059 

.020 

. O l O  

Suct ion 
Requ i r e d  

no 

no 

no 

no 
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Figure  2 .  Comparison o f  p red ic ted  pressure d i s t r i b u t i o n s  o f  a i r f o i l s  
B and C a t  a Mach number o f  0.755, a l i f t  c o e f f i c i e n t  o f  0.55, and 
a Reynolds number o f  16.9 X 106. 
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F i g u r e  3 .  Comparison o f  p r e d i c t e d  p ressu re  d i s t r i b u t i o n s  o f  a i r f o i l s  
C and D a t  a Mach number o f  0.755, a l i f t  c o e f f i c i e n t  o f  0.55, and 
a Reynolds number o f  16.9 X 106. 
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